IG
which flows f r o m the primary c i r c u i t to the earth through the grounding impedance ZG.
The value of ZG depends on the design of a s t a t i o n grounding system and in general i s a function of frequency. 
).
The voltage 54 i s a longitudinal. induced voltage, generated i n secondary wires by the zero sequence current which flows i n the primary l i n e which i s magnetically coupled with the secondary wires. If the wires have not conductive shields grounded a t both ends, the value of EM may be expressed:
The mutual inductance M may be calculated from the well known Carson's equations. However,many simplified formulas have been published3 v 5 which are adequate enough f o r c a lculation of FI as a function of frequency,for any configuration of primary and secondary circuits.
If the secondary wires are shielded and the shield i s grounded a t both ends thorugh the negligible earthing impedances, the longitudinal voltage becomes:
The screening coefficient r depends on parameters of the To i l l u s t r a t e equations (2,3) the graphs ( fig. 3) show the value EM/Io as a function of frequency f o r secondary wires 100 m long, parallel to a primary l i n e and d i s t a n t 25 m away from it. The primary l i n e i s suspended 15 m above the ground. The curve 1 i s for unshielded secondary wires, curves The fig. 3 clearly shows, that screening i s extremely effective f o r higher frequencies. However i n r e a l s u b s t a t i o n s t h e voltages are never as high as the ckve 1 shows, because even i n unshielded conductors longitudinal voltages are reduced by currents induced i n p a r a l l e l c i r c u i t s .
A t the same time the effect of shielding i s always reduced by the grounding impedances neglected i n t h e above considerations.Therefore the curves ( fig. 3) show extreme cases.
Considering the effect of shields grounded a t both ends it i s necessary to take i n t o account currents which flow i n them forced by the voltage EG (fig. 4 ) . These currents induce voltages Es i n t h e s e e ondary wires
If t h e t o t a l r e s i s t a n c e of the shieldground loop is neglected, the coefficient In the region of frequency where the length of secondary wires i s much shorter t h a n the wave length (in practice about 1/10 of t h e wave l e n g t h o r l e s s ) , the equivalent c i r c u i t s may be simplified greatly, because Shield grounded a t one end: EX = EG+%; Cx = CL/2; Cy si Co + C1. 
LIEETATIOM OF TRANSVERSE VOLTAGES
Three ways of suppressing the voltages will be examined:
-shielding of the wires, -selection of the secondary load impedance, -selection of the working s i g n a l l e v e l i n the wires. The efficiency of each of the means w i l l be discussed on the ground of a simplified equivalent circuit ( fig. 8aj. A shield grounded a t both ends reduces both, common mode and transverse voltages thus decreasing induced voltages. ..
I n many practical cases the parallel connect i o n of ZL and ZT may be represented by R, L, C connected i n p a r a l l e l ( f i g . 9). In such a case the transfer function K becomes:
The absolute value of the transfer function either increases with frequency, or has i t s maximum f o r a given frequency 0 , which can be e a s i l y determined from eq. (9). The equa- The rated level of a working s i g n a l i n the secondary wires has an effect on the value of transverse voltages.It may be studied, assuming t h a t secondary wires on both sides are terminated with the ideal transformers ( fig. IO) . The e f f e c t i s equivalent to the change of rated secondary voltage (or current) levels, with the load rated power unaltered.
Pig. IO. I l l u s t r a t i o n of change of working signal level.
Now, the transfer function becomes:
The e f f e c t of N upon I ( i s rather complex, but becomes clearer in particular cases. As-suming again, that the impedances ZT and ZL may be presented i n t h e simple form ( fig.9 ), extreme cases may be examined:
1' N% >> %+Cy, which means, t h a t t h e load capacitance is much higher than the secondary cable capacitance. Substituting it i n t o eq. (IO), one may learn, that the transf e r f u n c t i o n IKI is inversely proportional to N. Therefore i n this particular case, transverse voltages (and the noise t o signal r a t i o ) may be reduced decreasing the rated voltage level in secondary wires. The above analysis shows, that the change of secondary load impedance and the alterat i o n of working signal levels as a means of reducing the expected transverse voltages must be always considered with the great care, otherwise the opposite effect may oc-C W .
'

CONCLUSIONS
The relations between the voltages induced i n secondary wires and transverse voltages at the relay terminals, may be studied on the ground of equivalent circuits presented i n t h e paper. They reveal, that the transverse voltages are possible only if there i s an asymmetry of secondary wires parameters.Such an asymmetry i s a typical feat u r e of most secondary c i r c u t t s and i s almost always caused by the necessary grounding of the circuits.
If the length of secondary wires i s much shorter than the wave length of induced 2 66 voltages,the equivalent circuits may be simp l i f i e d and become easy f o r a general analysis. This enables a study of the effectiveness of the means, considered for suppression of the transverse voltages.
From the discussed ways of voltage reduction it has been shown that shielding. i s always effective. Shields grounded a t both ends reduce both, common mode and transverse voltages. Shields grounded a t one end do not a f f e c t much common mode voltages but reduce transverse voltages.
The other means, such as selection of secondary impedance parameters or the working s i g n a l l e v e l s i n secondary wires m u s t be applied with the greate s t of care. This i s because i n most cases they reduce expected transverse voltages i n one region of frequency, but they increase them in the other.
